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HELE 

METHOD FOR DEPOSITING TIN OXIDE AND TITANIUM OXIDE COATINGS 
ON FLAT GLASS AND THE RESULTING COATED GLASS 



BACKGROUND OF THE INVENTION 



L Field of the Invention 

This invention relates to a process for depositing titanium oxide and tin oxide coatings 
on a flat glass substrate, and the resulting coated glass. More particularly, this invention 
relates to a chemical vapour deposition process for producing titanium oxide and tin oxide 
coatings on flat glass using a coating precursor gas mixture conq>rising die conespomiing 
metal tetiadilcmde and an organic oxidant 
2. Sttmnw pf Rg]ated Ait 

Titaniimi oxide and tin oxide coatings have been proposed for use on glass containers, 
forexan9)Iebottles, to improve the ntechanioil strength of the containers. It has also been 
proposed to use both titanium oxide and tin oxide coating on flat glass to modify the 
characteristics of the glass for architectural use; titanium oxide coatings deposited under 
vacuum (by reactive sputtering) are used as components of sputtered multi-layer infira red 
reflecting coatings, while tin oxide coatings are used, not only as layers of multi-layer 
spuoered coatings, but also deposited pyrolytically with a dopant as infra red reflecting 
and/or electroconducting coatings. 

GB patent specification 1 115 342 describes a process for producing glass containers 
with good inherent strength and good abrasion resistance by spraying the containers, while 
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Still hot fiom da manufecturing process, wiA a solution or dispersion of stannic chloride 
(that is, tin tetrachloride) in an organic Uquid, isopropyl alcohol being ptefened. A small 
amoum of titanium chloride may be incoiporated as a modifier. The Uquid solution is fed 
to atomisers, which may be of the piessure jet variety, located on either side of a tunnel 
over a conveyor for hot glass bottles to produce a 'mist of Uquid reagent* so that a layer of 
Uqmd is formed on aU the external surfaces of the bottles where it reacts to form a layer of 
tin oxide. 

GB patent specification 1 187 784 describes an improvement of the process described 
in GB patent specification 1 1 15 342 and apparcnUy more suitable for incorporation into a 
process for the automatic manufacture of glassware without interfering with the normal 
tunning of such process and without requiring additional supervision. The specification 
proposes to treat glass containers, at high tcn^erature, with a liquid solution of an organic 
conqtoond of tin "which compound has properties such tfiat upon appUcation of heat it 
decomposes into two materials, one of which is an organic compound of tin of high 
decomposition temperature which reacts witii the glass surface to produce a diffusion layer 
of tin oxide within the glass surface, while the other is a volatile compound of tin such tiiata 
substantial {nopoition of v^ur of said compound is produced, and subjecting the 
containers to a heat treatment such tiiat a reaction is caused to occur between tiie glass at at 
least tiie surfaces of the containers and the tin compounds". The material used for treating 
die glass containers may be provided by reacting tin tetrachloride with orgaruc substances 
containing carbonyl groups of moderate activity e.g. organic esters of etiiyl, n-propyl 
isopropyl. n-butyl and isobutyl alcohols with acetic propionic and butyric acids. The 
resulting sohition may be sprayed, in the presence of ambient atmosphere, on to the hot 
containers e.g. in the form of a fine mist after they leave the forming machine and before 
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A&y cnta the annealiog lehr. GB patent specification 1 187 783 describes an analogous 
process to that described in 1 187 784 in which an organic compound of titanium is sprayed 
(m to tlie hot glass containers in place of the organic compound of tin. The organic titanium 
coix^und may be produced, in an analogous manner to the organic compound of tin, by 
reacting titanium tetrachloride with an organic ester eg. n-butyl acetate. Again, tf» 
resulting solution is sprayed onto the glass in the ambient atnxispheie on tiie containa* 
production line. 

It has also beta proposed to use tin tetrachloride, applied either as a liquid spray or, 
more recendy, in gaseous form, to apply a tin oxide coating to hot flat glass to form an 
electroconductive, infra-red reflecting coating on the hot glass surface; water is used to 
hydiolyse the tin tetrachloride and as a source of oxygen for formation of the tin oxide. 

Processes involving use of the reactants in gaseous form (also called CVD or chemical 
vapour deposition processes) have c^tain advantages over spray processes for coating flat 
glass, especially when the reactants can be premixed before application to the gla^ 
Unfortunately, tin tetiachlGffide reacts readily with water so that previous propo^ to use 
tin tetrachloride and water vapour in gaseous form have usually involved stq)pl]ang the 
gases separately to the glass surface and mixing them while in contact with the glass. 

GB patem specification 2 044 137A relates to such a process in whidi discrete laniina^ 
streams of each reactant are f omned and projected on to a hot glass substrate by bringing 
the streams together in reciprocal tangential contact over the glass. Utanium tetrachloride 
may be used as one of the gaseous reactants, in place of the tin tetrachloride, in order to 
fomi a titanium oxide coating. Thepatentalsosuggestssupplyinghydrogen tooneof die 
gas streams to attenuate the violent reaction between the tin tetrachloride and the wato: 
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vapour. This may be done cither by direct addition of gaseous hydrogen, or by the addition 
of methanol, which is said to react in situ to produce the desired gaseous hydrogen* 

GB patent spedficadon 2 026 4S4B describes a process in which a coating chaniber is 
positioned over a hot float glass ribbon as it advances from the float bath ami successive 
gaseous streams of (1) preheated nitrogen carrier gas, (2) tin tetrachloride entrained in 
preheated nitrogen and (3) air, water vapour and hydrofluoric acid are introduced into the 
coating chamber so tiiey flow along the glass substrate surface being coated as a 
substantially turbulence free layer. The patent specifies the concentration of water vapour 
and tin tetrachloride in the gaseous medium over die glass. 

European patent specifications 0 365 239B 1 and 0 376 240B 1 describe a metiiod and 
apparatus for depositing a tin oxide coating on a hot glass ribbon. A fu^ gaseous stream of 
tin tetrachloride in preheated dry air is caused to flow along the surface of the hot ribbon of 
glass advandng beneath a coating chamber, a second turbulent stream of hydrofliK)ric add 
and steam introduced into the coating chambers at right angles to the plane of the glass and 
direction of flow of die first gaseous stream, and the combined first and second gas streams 
drawn through die coating chamber over the glass under turbulent flow conditions. The 
method and apparatus nuiy also be used to apply a coating of titaruum oxide using titanium 
tetrachlcmde in place of the tin tetrachloride. 

US patent 4 590 096 describes a process in which a coating solution comprising a 
substantially solvent ftee mixture of an organotin chloride and a reactive organic fluorine 
conq>ound soluble in or miscible witii the organotin chloride is introduced to a preheated 
carrier gas stream which contains sufficient water vapour that the relative humidity of the 
gas stream at Iff^C is about6% to about 100%. The resulting gas stream is passed over a 
hot glass surface to deposit a fluorine doped tin oxide coating on the hot glass. A wide 
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range of organotin compounds may be used, and the possibility of using tin tetrachloride is 
Rationed. Similarly, a wide range of organic fluorine compounds, including oxygen 
containing compounds, for example trifluoroacetic add and ethyltrifluoioacetate, may be 
used. Some of the fluorine-containing dopants have linuted solubilities in the 
compounds used, and an optional solubiliser may be used to increase the solubility of the 
fluorine dopant on the organotin compound; acetic anhydride, ethyl acetate, hexane, methyl 
isobutyl ketone and butyraldehyde are listed as non4imiting examples of the solubOisers that 
may be used. However, the US patent, in common with the other patents utilising chemical 
v^ur deposition methods to deposit a metal oxide from a gaseous metal tetrachloride, 
utilises water vapour as the source of oxygM. 

US patent 4 75 1 149 Vija^cumar et al is concwned with deposition of zinc oxide 
coatings by chemical vapour deposition at low temperature (60* to 3S0KX preferably 100* 
to 200%) on heat sensitive photoconductor substrates, and proposes to deposit the zinc 
oxkle coatings firom an organozinc compound and an oxidant, which may be an oxygen 
containing organic coiiq>ound e.g. an cst^, and an inert carrier gas. Although the patent is 
not entirely clear, it apparendy proposes to introduce separate streams of the organozinc 
con^und and oxidant into the deposition chamber, and certainly there is no proposal to 
pre-mix these components togetiter before delivery to the coating diamber. 

It would be advantageous to provide a method for depositing tin or titanium oxide 
coatings by a CVD process aiq>lied to hot flat glass using a premixture of the corresprading 
metal tetrachloride as a low cost reactant and a source of oxygen without premature 
reaction between the metal tetrachloride and axygcn source (previously water) resulting in 
formation f metal oxide in the coating equq>mentwitii consequent problems and 
inefficiency. It would be particularly advantageous if the method allowed for defKmtion of 
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the coating at high rates, enabling a required coating thickness to be dqxKited on a moving 
glass ribbon during tiie glass production process. 

SI IMM ARY D F THR INVENTION 

In aoamlance with the pBsent invention, there is provided a cheniical vqwur 
depositira process for laying down a tin oxide or titanium oxide coating on a hot glass 
substrate using a precursor gas mixture containing the corre^nding metal tetrachloride 
and an organic source of oxygen, without the requirement for inclusion of water vapour and 
the consequent risk of premature reaction. 

The present invention provides a process for depositing a tin oxide or titanium oxide 
coating on hot flat glass comprising the stq>s of 

(a) preparing a precursor gas mixture contaming the conespondmg metal tetrachloride and 
an organic oxygen containing compound as a source of oxygen for formation of the 
metal oxide, 

(b) maintaining said precurscH- gas rnixtuie at a ternpaatuie below the temperature at 
which the metal tetrachloride reacts to form the metal oxide while delivering ftc 
mixture to a coating chamber opening on to the hot glass. 

(c) inttodudng the precursOT gas nmtture into die coating diamberwhCTe*y the mixture is 

heated to cause deposition of the concspwiding metal oxide incorporating oxygen firom 
the organic compound on to the hot glass surface. 

Surprisingly, a wnde range of oxygen-containing organic compounds may be used as die 
source of oxygen, without requiring die presence of water vapour or gaseous oxygen, 
including compounds normally considered reducing agents rather than oxidising agpnts, for 
example, alcohols. However, the preferred organic compounds are carbonyl compounds, 
especially esters; and particulariy good results have been obtained using esters having an 
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alkyl group with a P hydrogeiu The alkyl group with a p hydrogen wm mmraUy contain 

two to ten carbon atoms. 

It is piefOTed to use organic conipoundSt especially esters, containing from two to ten 
carbon atoms, since largM" molecules tend to be less volatile and hence less convenient for 
u^ in the CVD process of the present invention. 

Particularly preferred esters for use in the practice of the present invention indude ethyl 
formate, ethyl acetate, ethyl propionate, isopropyl formate, isopropyl acetate, n-butyl 
acetate and t-butyl acetate. 

The method of the present invention is generally practised in connection with the 
formation of a continuous glass ribbon substrate, for example during a float glass 
production process. However, the method of the present invention may be employed in 
coating other flat glass substrates either on-line or ofT-line. 

The present invmtion involves tiie preparation of a precursor gas mixture which 
includes tin or titanium tetrachloride and an organic oxygen containing compound; a carrier 
gas or ^uent, f ot exanq)lc, nitrogen, air or helium, will normally also be included in the gas 
mixture* Since tiiermal deconq>oation of the organic oxygen containing compound may 
initiate die metal oxide deposition reaction at a high rate, it is desirable Aat the precursor 
mixture be kept at a teDq)erature below the thermal decomposition tenq)mture of the 
orgardc oxygen compound to prevent prereaction of the gaseous mixture with formation of 
the metal oxide. 

The gaseous mixture is maintained at a tenqperature below that at which it reacts to 
form die metal oxide, and deliv^ed to a location near a flat glass substrate to be coated, the 
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substrate being at a temperature above said reaction temperature (and above the 
decon^osition temperature of die organic oxygen compound in the precursor gas mixture). 

The precursor gas mixture is thereafter introduced into ite vapour space directly over 
the substrate. The heat fiom the substrate raises the teniperature of the precursor gas above 
the thwmaldeconiposition temperature of the organic oxygen conipound. The organic 
oxygen compound then decomposes with reaction witii the metal tetrachlcmde producing a 
metal dioxide coating on die substrate. 

The present invention p^mits the production of tin and titanium oxide coatings 
deiKisited on the hot glass at a high deposition rate c.g. ov» 130A/second and» in preferred 
embodiments* over 250 A per second* 

The deposition rate is dependent upon the particular organic oxygen contaming 
compound uscd» and the concentrations of both the organic oxygen containmg conqK>und 
andthcmetalchloride^asweUasAetemparatureoftheglass* For any particular 
combination of compounds* the optimum concentrations (and in particular die optimum 
^ proportion of organic oxygen containing ccmipound to metal tetrachloride) and flow rates 
for rapid coating deposition may be determined by siiiq)le trial However, it will be 
appreciated that the use of higher concentrations of reactants and high gas flow rates is 
likely to result in a less efficient overall conversion of the reactants into coating, so that the 
optimum condition for conunercial opmtion may differ from the conditions which provide 
the highest deposition rates. 

Preferably, the organic oxygen containing compound will be at a concentration by 
volume of about 0.5, especially 1, to 5 times the concentration by volume of the metal 
chloride. It will commonly be used in an amount of at least 30% by weight of the weight of 
metal chloride. 



W098A)6675 PCr/GB97y02179 

9 

The method of the invention pennits the production, at high rates, of titanium oxide 
and tin oxide coatings on hot flat glass substrates on line during the glass production 
process. The titanium oxide coatings may be produced widi a high refractive index (at least 
2.4) pOTnitting the achievement of desired optical effects, especially when used in 
combination witiiodiM- coating layers. The tin oxide coatings may be doped* for example 
with fluorine, by incorporating an appropriate precursor for the dopant into the precursor 
gas mixture, increasing tiie electrical conductivity and infra red reflectivity of Ae coatings, 
and hence thek utility as electrical conducting coatings ami/or low emissivity coatings in 
architectural glazing and odier applications. 

p^TFF DESCRIPTIO N OF THE DRAWINGS 

The above, as well as other advantages of the present invention, will become readily 
apparent to those skilled in die art from the following detailed descr^tion of prefcncd 
embodiments when considoed in the light of tiie acconqpanying drawings in which: 

Fig 1 is a srhrnyttr view of a vertical section of an apparatus for practising a float glass 
process whidi includes gas distributors suitably positioned to enable the practising of the 
method of the present invention. 

Hg 2 is broken sectional vfew of an article coated according to tiiis invention; and 

Fig 3 is an enlarged schematic end view of a gas distributor beam suitable for use in 
practising the present invention. 

Fig 4 is an enlarged schematic end view of an alternative gas distributor beam which 
may be used in practising the present invention. 

DRSPRIPTmN OF THE PREFERRED EMBODIMENT 

Referring now more particularly to the drawings, there is illustrated generally at 1 0 in 
Rg I a float glass installation utilized as a means for practising the mefliod of the present 
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invention. The float glass apparatus more particularly comprises a canal section 12 along 
which molten glass 14 is delivered firom a melting furnace (not shown), to a float bath 
section 16 wdxeran a continuous glass ribbon 18 is formed in accoidaiae witii the well 
known float process. The glass ribbon 18 advances from the bath section 16 through an 
adjacent anneaUng lehr 20 and a cooling section 22. The continuous glass ribbon 18 serves 
as the substrate upon which the metal oxide coating is depoated in accordance with die 
present invention. 

The float sectim 16includcsabottomsection24widrin which a batii of molten tin 26 
is contained, a loof 28, opposite sidewalls 30. and end walls 32. The loof 28. side walls 
30, and end walls 32 togctiier define an enclosure 34 in which a non-ojddiang atmosphere is 
maintained to prevent (nudation of the molten tin. 

Additionally, gas distributor beams 64, 66 and 68 are located in die baUi section 16. 
The gas distributor beams 64 and 66 in die batii section may be employed to apply 
additional coatings onto die substrate prior to applying die tin or titanium oxide coating by 
die mediod of die present invention. The additional coatings may include siHcon and sUca. 

In operation, the molten glass 14 flows along die canal 36 beneadi a regulating twcel 
38 and downwardly onto die surfece of tiie tin bad! 26 in controlled amounts. Onthetin 

badi die molten glass spreads laterally under die influences of gravity and surface tenaon. as 
wdl as certain medianical influences, and it is advanced across die batii to form die ribbon 

18. Hie ribbon is removed over lift out rolls 40 and is diereafter conveyed dirough die 
annealing lehr 20 and die cooling section 22 on aligned rolls 42. The application of die 
coating of die present invention may take place in die float badi section 16, or fiirtiier along 
die Induction line, fw example in die gap between die float badi and die annealing lehr. or 
in die annealing lehr. 
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A suitable non-oxidizing atmosphere, generally nitrogen r a niixture of nitrogen and 
hydrogen in which nitrogen predominates, is maintained in the bath enclosure 34 to prevent 
oxidation of the tin bath. The atnK)sptere gas is admitted through conduits 44 operably 
coupled to a distribution manifold 46. The non-oxidizmg gas is introduced at a rate 
sufficient to compensate for normal losses and nudntain a slight positive pressure* on the 
order of about 0.001 to about 0.01 atmosphere above ambient atmospheric pressure, so as 
to prevent infiltration of outside atmosphwe. Heat foe m ai n tai nin g the desired temperature 
regime in the tin bath 26 and the enclosure 34 is provided by radiant heaters 48 witfun the 
enclosure. The atmosphere within the lehr 20 is typically atmoq>hOTC air. whfl^ 
section 22 is not enclosed and die glass ribbon is open to the ambient atmosphac. 
Ambient air may be directed against tfie glass ribbon as by £ans 50 in the cooling section. 
Heaten (not shown) may also be provided within the ani^aling lehrfor cauang the 
teiTq)aature of the glass ribbon to be gradually reduced in accordance wi A a piedetemiined 
regime as it is conveyed theredirougb. 

Rg 1 illustrates the use of ^distributor beams 64, 66 and 68 positioned in the float 
bath 16 to deposit the various coatings on the glass ribbon substrate. The gas distributee^ 
beam is one form of reactor that can be employed in practising the process of the present 
invention. 

A convenient configuration for the distributor beams suitable for supplying ibc 
precursor materials in accordance with the invention is shown generally schemadcally at Rg 
3. An invited generally channel-shaped fimnework 70 formed by spaced inner and outer 
walls 72 and 74 defines OTcloscd cavities 76 and 78. A suitable heat exchange medium is 
drculatedthrougji the enclosed cavities 76. 78 in order to maintain die distributor beams at 
a desired temperature. 
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•Die precursor gas mixture is suppUed through a fluid cooled supply conduit 80. The 
supply conduit 80 extends along the distributor beam and admits the gas through drop lines 
82 spaced along die supply conduiL m supply conduit 80 leads to a delivery chamber 84 
within a header 86 carried by the framework. Precursor gases admitted through die drop 

Unes 82 arc discharged from die deUvery chamber 84 through a passageway 88 toward a 
coating chamber defining a vapour space opening on to the glass where they flow atong tte 

surface of the glass 18 in the direction of the arrows in Fig 3. 

Baffle plates 90 may be provided within the delivery chamber 84 for equalizing the flow 
of precursor materials across the distributor beam to assure that the materials are discharged 
against the gtass 1 8 in a smooth, laminar, unifomi flow entirely across the distributor beam. 
Spent precursor materials are coUected and removed through exhaust chambers 92 along 
die adcs of the distributor beam. 

Various forms of distributor beams used for chemical vapour deposition arc suitable for 
the present mediod and are known in the prior art 
• One such an alternative distributor beam configuration is iUustrated schematicaUy in 
Figure4ofAedrawings. Ustag dus distributor, which is generally designated 100 (and 
more fully described in European patent EP 0 305 102B). die precursor gas mixture is 
introduced through a gas supply duct 101 where it is cooled by cooUng fluid circulated 
duough ducts 102 and 103. Gas supply duct 101 opens through an elongated aperture 104 

into a gas flow lestrictor 105. 

Gas flow restrictor 105 is of the kind more fullydescribed in UK patent specifications 

GB 1 507 996, and comprises a pluraUty of metal strips longitudinally crimped in the form 
of a sine wave and vertically mounted in abutting relationship witii one another extending 
along die lengthofthedistributor. Adjacent crimped metal strips are arranged "out of 
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phase" to define a plurality of vertical channels between them. These vertical channels are 
of small cross-sectional area relative to the cross-sectional area of gas supply duct 101* so 
that die gas is released from die gas flow r&strictor 105 at substantially constant pressure 
along die bngth of the distributor. 

The coating gas is released bom the gas flow restiictor into the inlet side 107 of a 
substantially U-diaped guide channd generally designated 106 comprising inlet leg 107» 
coating chamber 108 which opens onto the hot glass substrate 110 to be coated, and 
cxhaustleg 109, whereby used coating gas is withdrawn firom the glass. Therounded 
comers of the blocks defining the coating diannel promote a uniform laminar flow of 
coating parallel to the glass surface across the glass surface to be coated. 

The following exanq)les (in v/hich gas volumes are expressed under standard 
conditions, i.e. one atmosphere pressure and ambient temperature, unless other stated) are 
presented for the purpose of fiirtfier illustrating ami disclosing the present invention, and are 
not to be construed as a limitation on the invention: 

-ExaniElsilJKLS 

In this s^es of Examples, a bi-directional coating reactor of die typt shown in Bg 3 
was employed in the laboratory to deposit a titanium oxide coating. 

In Examples 1, 2 and 3, the glass was heated on a conveyor fiimace to simulate the 
coating reaction conditions of a float glass process in order to test the mediod of the present 
invention. The fiimace utilized in-line rollers to convey a glass substrate through a heating 
zone prior to practising the method of the present invention. In Exanq)le 1, the glass 
substrate was float glass which had been initially provided with a silica coating. Thesilica 
coating was deposited on die float glass through a known chemical vapour exposition 
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process utilizing a precursor of monosilane in an oxygen enriched atmosphere. The silica 
deposition forms no part of the present invention. 

In accordance widi the present invention, a titanium oxide coating was deposited on the 
siUca coated substrate. The substrate was at a temperature of a 1 170»F/63(rc and the 
substrate Une speed was at 300 inches/8 metres per minute. 

To deposit the titanium oxide, a precursor gas mixture was developed comprising 
titanium tetrachloride, ethyl acetate, oxygen, and helium. Helium was included in the 
precursor mixture as a carrier for the reactants. The precursor mixture was prepared by 
simultaneously introducing aU four gas streams through a manifold system. An in line static 
mixer was used to ensure a homogeneous precursor mixture. Hie volume percent 
composition of the precursor mixture was 0.7% titanium tetrachloride, 17.2% ethyl acetate. 
7.2% oxy^ and 74.9% helium, wifli die flow rates for tfie components at the manifold 
being as shown in die accompanying Table 1. 

TTie temperamre of die precursor mixture was kept above 300»F/150<K: in order to 
prevent die adduct reaction of titanium tetrachloride and etiiyl acetote. The precursor . 
tempcraftiic was also kept bdow the 950^^ - 1130«F (510»C - 610»Q tiiermal 
decomposition temperature range of ethyl acetate in order to prevent die mixture from 
prereacting. 

The precursor mixture was introduced into die reactor just above die moving substrate, 
•nie temperature at die precursor tower was 250^/120»C The temperature at die reactor 
face was 350T/17yC The higher substrate temperature initiated die diermal 
decomposition of die etiiyl acetate which tiien resulted in die deposition of die titanium 
oxide. 
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The resulting coated glass was aUowed to cool in air and the coating Itwas 
found to be titanium oxide with a carbon content of 2 atomic percent The thickness 
of the titanium oxide coating was measured 490A and the thickness and growth rate (ISO A 
pCT second) arc shown in Table L The optical properties of the resulting product included 
an observed niuminant C tiansmittance (10^ obs^ver) of 62.3% and an observed Dluminant 
C reflectivity of 35.6%. The extinction cocfBdent was 0.008 at 550 nm, and the refractive 
index of the titanium oxide coating was 2.44. 

In Examples 2 and 3 die coating procedure ^t out in Example 1 was repeated, excq>t 
diat in Example 2 eth^ farmate was used as the organic source of oxygen, and in Exanq)le 
3 isopropanol was used as the organic source of oxygen and uncoated glass (in place of the 
silicon oxide coated glass of Exanq>les land 2) was used as the substrate. The gas flow 
rates used and, in thecase of Exanq>le 2, the Oiickness and growth rate of the titanium oxide 
coating produced are shown in Table 1. In Example 3, the isopropanol burned in the 
reactor leaving only particulate dtanium oxide on the glass, the corresponding deposition 
rate therefore being quoted as oA/second. 

The procedure for Exanq>les 4 and 5 was as used in dte previous Exatr^les (die reactor 
teiiq)erature and die substrate being identical to Example 1), excq)t that the substrate was 
static and not dynamic The static sampb was positioned under die reactor fc^ 10 seconds. 
Und^ static conditions, the residence time of the substrate under the rcactor is increased 
from die dynamic conditions by a factor of five. 

In Example 4» methyl acetate was used as the organic source of oxygen, and in 
Exairqile 5 t-bu^ acetate was used; in each case a titanium oxide coating was produced. 
The gas flow rates, resulting titanium oxide coating thickness and coating growth rates are 
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as Shown in Table 1 . The relatively slow growth rate achieved using methyl acetate is 
discussed hraeinafter. 

A float glass process was used in producing a continuous glass ribbon having a 
thickncssof0.125inches/3mniatalinespeedof434inches/llinetiesperininute. The 
glass temperature was at 1 14(m615«C at the desired point of application in the float bath 
section of a titanium oxide coating using a coating reactor similar to that shown in Figure 3. 
TTie temperature at the precursor tower was 400»F/205»C and the temperature at tfie 
reactor fece was 500»F/260»C Prior to practising the metiiod of die present invention, a 
siUca coating wzs deposited on the glass substrate in U»e float badi section at a tiuckness of 
about 339 A. The same chemical vapour deposition process as described in Example 1 was 
used to deposit die silica coating. TTiesiUca deposition forms no part of die present 
invention. 

The precursor gas mixture was developed comprising titanium tetrachloride and ethyl 
acetate in a helium carrier gas. Oxygen was not used in d» precursor as result of earlier 
Examples indicated diat the coating reaction was not sensitive to die oxygen concentration. 
The precursor mixwre was prepared by simultaneously introducing die ttiree components 
through a manifold system. The volume percent composition of the precursor mixture was 
0.6% titanium tetrachloride. 1.8% cd»yl acetate, and 97.5% heUum. Hie flow rates for die 
components were 480.0 1/m of heUum, 3.0 1/m of titanium tetrachloride. 92 Vm of ediyl 
acetate. TTie total flow rate for die precursor mixture was 492.2 Vm. 

The resulting titanium oxide coating was 684 A diick. The carbon content of Ibe 

coating was less dian 2 atomic percent The giowdi rate of die coating was 309 A per 

second. 
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Example 7 

TTie same proasdurc carried out Example 6 was utiliied in this Exa^ Thcsubstraic 
conq)rised coatings of siUcon and then aUca over the glass substrate. Hie coatings were 
deposited by a known chemical vapour deposition process in die float bath section. The 
silicon coating was deposited by CVD from monosilane widi a non-oxidizing carrier gas. 
The silica coating was Aen deposited onto the aficon coating dirough the use <rf die saine 

procedure as described in Example 1. 

The precursor for the titanium oxide coating included titanium tetrachloride and ediyl 
acetate in a heUum carrier gas. The volume percent composition of die precursor was 0.5% 
titanium tetrachloride, 1.9% efliyl acetate, and 97.6% heUum. The corresponding flow rates 
for die components were 480.0 Vm of heUum. 2.4 Vm of titanium tetrachloride. 92 Vm of 
efliyl acetate. The total flow rate for die precursor mixture was 491.6 Vm. 

nie resulting coated article 52 is illustrated in Rg 2. The glass substrate 54 is depicted 
witfi a stack of multiple coatings 56. The coatings comprise a layer of silicon 58, a layer of 
silica 60, dien a titanium oxide coating 62 on top of die article. The titanium oxide coating 
on die resulting article had a diickness of 836 A. The optical properties of die resulting 
coating stack included an observed Dluminant C transmittance of 13.1% and an obsoved 
muminant C reflectivity of 82J%. The growdi rate of die titanium oxide coating was 378 
A per second. 



W098AI6675 



PCT/GB^/02179 



18 



Si 

o 



in 



c 



00 



s 



3 
C 

e 

I 



•5 
B 



o 



o 



I 

O 



NO 



e 

<=> o 
id o- 

g>8 



a 

e9 



00 



o 
so 



o 
c 

o. 

2 

a, 
o 
•S3 



c3 

E 
u 

a 

£ 



3 

JO 



01 



in 



E 



in 



WO98/06675 PCT/GKn/02179 

19 

Examples 8 - 13 

In this scries of Exanq)lcs, a static coatcr was used in Ac laboratory to apply a tin oxide 
coating on to a float glass substrate carrying a colour suppressing silicon oxide layer 
produced as described in European patent EP 0 275 662B. 

The float glass to be coated was supported on a nickel block in a reactor ve^ and the 
block heated from below by electric heating elements to provide a glass temperature of 
1085*'F/585**C A flat graphite plate was mounted approximately 0.4 mches/lO mm above 
the glass and parallel thereto to provide a gas flow path 0.4 inches/10 nun deep between the 
glass surface bearing the silicon oxide layer and the plate. 

A precursor gas mixture containing tin tetrachloride and an organic source of oxygen, 
in air and a smaU proportion of additional nitrogen as carrier gas, was deUvercd t^ 

gas line maintained at a temperatuic of 435«F ± 25^F/225«C ± 15«C and provided with a 
fish tail nozzle opening on to Ae gas flow path over the hot glass in a general direction 
parallel to the glass surface. The total carrier gas flow rate was 13 m^/hour. The flow rates 
of the tin tetrachloride, and the nature and flow rates of the organic compound used, were 
asshownintbeaccompanymgTable2. In Examples 9 and 11, small anaounts of 40% 
hydrogen fluoride woe incorporated in die precursor gas mixture to dope Ae resulting tin 
oxide coating wifli fluorine, as Aown in the Table. 

The gas flow ccmtaining the reactant gases was applied for approximately 8 seconds, 
and the coating apparatus and coated glass then allowed to cool under a flow of air at 
345T/225KL On dismantling the coating apparatus, the delivery gas line, nozzle and plate 
defining the gas flow path over the glass found to be free, in each case, from deposit, 
indicating an absence of undesirable prercaction. In each case* the glass had a dn oxide 
coating applied over the silicon oxide, the thickness of the coating varying with distance 
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from the fishtaU nozzle. The maximum thickness and conesponding gro>wth rate to each 
precursor gas mixture used is shown in Table 2. The cmissivity, resistivity and haze of the 
samples producing using hydrogen fluoride to incorporate a fluorine dopant (Exan^iks 9 
and 11) were measured and the results reported in Table 2. 

This soles of Exanq)les shows tf»t an organic source of oxygen can be used as part of 
a premixed precursor gas mixture conjprising tin tetrachloride to deposit a tin oxide coating 

without significant undesirable prcreaction detrimentally affecting the coating process eg. 
by deposition of tin oxide in the gas supply ducts. Moreover, if desired, a source of dopant, 
such as hydrogen fluoride, may be incorporated in the gaseous premixture to reduce the 
emissivity and resistivity of the coating while continuing to avoid significant detrimental 
piereaction. 

Example 14 

In this Example, a coating distributor as illustrated schematicaUy in Figure 4 was used 
in a float bath to apply a coating of tin oxide by a method in accordance with the invention. 
TTie ribbon speed was approximately 233 inches per minutc/350 minutes per hour and the 
glass thickness was 0.05 inches/1.2 mm. The glass temperature was approximately 
1170»F/630»C The temperature of the gas supply duct 101 which served as a prinaiy gas 
mixing chamber was maintained at 300°F/150«C and the 'static' waffle gas distributor 105 
was approximately 645'*F/340»C The tin tetrachloride and butyl acetate vapours were 
delivered by bubbling nitrogen through the liquids maintained at 175"'F/80»C in bubblers 
and. hence, through separate heated conduits to gas supply duct 101. Tlie vapours mixed at 
the primary chamber, passed through the waffle pack gas distributor, and then under laminar 
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flow conditions through U-shaped guide channel 106 comprising coating chamber 108 
opening on to the hot glass ribbon. 

The flow rates used were sufficient to obtain tin tetrachloride : butyl acetate molar 
ratios of between 1: 1 and 1 : 5. The trial was carried out for 5 hours. On dismantling the 
coatcr it was discovered that die cooled surfaces and the associated conduits were over 
90% ftee of deposits, thus showing that tin tetrachlori(te and butyl acetate used for 
producing a tin dioxide coating on glass can be premixed witii one another without 
substantial prereaction. A tfiin tin oxide coating was obtained on the glass ribbon. 

It will be appreciated tiiat various changes and modifications can be made from the 
specific details of the invention as incorporated in the foregoing Examples without 
departing from the spirit and scope thereof as defined in the appended claims. In its 
essential details, the invention is a continuous chemical vapor deposition process for laying 
down tin oxide and titanium oxide coatings onto a glass substrate at high deposition rates 
tiirough the use of the corresponding metal tetrachloride and an organic compound used as 
a source of oxygen in a preformed precursor gas nuxture. 

The metal tetrachlorides are preferred sources of the respective metals because of the 
availability and cost of the raw materiaL 

It has been found, especiaUy when depositing titanium oxide coatings from titanium 
tetrachloride, that, in order to form the metal oxide at the optimum deposition rates, it is 
desirable to use an organic oxygen containing compound which is an ester, particularly an 
ester in which die group derived from die alcohol is an alkyl group widi a p hydrogen. 
AdditionaUy. the decomposition temperature of die ester should not be greater tiian die 
reaction temperature of die coating precursor gas mixture at die desired point of 
appUcation. Esters utilized in die precursor gas mixture diat have a p hydrogen and 
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appropriate decomposition temperatures wiU deposit the coatings at high deposition rates. 
The preferred group of esters used in practicing the present invention includes the group 
consisting of ethyl formate, ethyl acetate, ethyl propionate, isopropyl formate, isopropyl 
acetate, n-butyl acetate, and t-butyl acetate. 

In general an ester deconqKJses in a continuous fashion ovo" a given tBnq)eraturB range. 
In the present inventim, the thermal decomposition temperature of the ester is defined as 
the ten^rature at which the unimolecular decomposition rate constant of the ester is 
0.01/sec. The unimolecular decomposition rate constants of common esters sudi as etiiyl 
acetate and t-butyl acetate are well known and can be found in the chemical literature. For 
ctfxyl acetate and t-butyl acetate, die thermal cfccomposition temperatures using the above 
definition arc 935 and 650** Fahrenheit (SOO^C and 344**Q. respectively. One skilled in the 
art will recognize tiiat the choice of ester and specific deposition tenq)craturc wnployed will 
determine tiie optimum coating growth rate. Reaction temperatures below the defined 
tiiermal decompoation temperature, but witfun the decomposition range of die selected 
ester, will result in lower coating growth rates. 

In accOTdancc widi ibt present invention, die alkyl group of an ester used in the coating 
precursor gas mixture may be a carbon compound having a range of 2-10 carbon atoms. 
The lower limit of the range is dictated by the p hydrogen requirement on the alkyl group, 
Tte upper limit is to avoid flanunability and volatility issues tiiat arise when the alkyl group 
contains more than ten carbon atoms. 

In practising the method of *e present invention, a manifold may be used to connect 
and regulate the incfividual gas streams to formulate the coating precursor gas mixture. A 
common delivery line may be used to deliver die precursor gas mixture firom Utt manifold to 
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the gas beam distributor. An in line static nuxer nuiy be used in the deUvcry line to emure a 
homogeneous gas mixtme. AdditionaUy. the baffles in the gas distributor beam, illustrated 
in Rg. 3, or a gas flow rcstrictor as described with reference to Figure 4, may provide 
further mixing of flie precursor gas at the reactor stage. 

In many of the Examples, oxygen was included in the coating precursor gas mixture. 
However, the deposition rate of the metal oxide coating was not sensitive to the oxygen 
concennations. andnooxygengaswasusedin Examples 6 or 7 showing the inclusion of 

oxygen to be unnecessary 

The concentration of the reactive components of the coating precursor gas mixture may 
be selected to obtain the optimum coating growth rate. n»e concentration of metal 
tetrachloride is generally 0.1 to 5.0 percent by volume in the precursor gas mixture. The 
concentration of metal tetrachloride is based upon the amount of metal needed to provide 
the desired coating thickness in the available residence time. THus the metal tetrachloride 
concentration is adjusted according to process variables, such as the line speed of the ribbon 
in a float glass process. 

TTm: concentration of tiie organic oxygen compound in tbt coating precursor gas 
mixture is generaUy one to five times the concentration of the metal tetrachloride, being 
selected within this range based upon the deposition temperature. When using an ester, 
lower deposition temperatures wUl result in slower ester decomposition rates and therefore, 
will require greaterconcentrations of theester to reactwitb the metal tetrachloride. In 
Examples 6 and 7 . the optimum concentration of the ethyl acetate in die precursor gas 
mixture is 1 to 3 times the concentration of the titanium tetrachloride. Concentrations 
above or below the optimum range wiU produce metal oxide coatings at lower coating 
growth rates. 
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The tenqjcrature of the precursor gas mixture is critical for control f flic reaction, in 
particular to avoid undesirable pie-reaction or adduct formation resulting in formation f an 
involatile product in the precursor lines. In one preferred embodiment, especially applicable 
when using an ester, the ten:q)erature is maintained above 300**F/15(PC in the precursor gas 
lines. The precursor gas mixture is also preferably kept below the tfiermal deconq>osition 
tenq>eiatuie of the organic oxygen compound to prevent prraeaction of the mixture* 

The present inventive jwocess utilizes the heat from the substrate to initialize the 
coating reaction. In on-line situations, such as the float glass process, the substrate is 
formed at extremely high temperatures. Therefore, the method of the present invention 
may be applied at a point in the float glass process where the substrate temperature is 
lowered but is still above the temperature at which the coating is fom^ (and preferably 
after tfie glass ribbon has substantially finished sttetching Le. below 138(y*F/750^Q, Off- 
line applications of the present invention will require heating the substrate to a tenq)erature 
above the decomposition temperature of die ester. 

In practising the method of the present invention in the float glass process, the 
preferred point of application is in the float bath section. The temperature range at the 
point of application for the coating is usuaUy about 1 100^-132(y*F/590*-7iy^C TTie 
tenq)erature is an important operating parameter because it influences the concentration of 
the organic compound utilized in the precursor gas mixture. The tenq)eratures of the 
substrate in the float bath section arc relatively stable and therefore exhibit little variation at 
the point of applicatioa In examples 6 and 7 using ethyl acetate, the preferred substrate 
temperature range is 1100*'-1250^F/59(PC-68(FC 
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The heat from the substrate raises the temperature of the precursor gas mixture above 
the temperature required for coating formation (and when an ester is used as the organic 
compound above thermal decomposition temperature of the ester). The metal deposition 
reaction may be initiated by the decomposition of the organic oxygen compound. When 
titanium tetrachloride is used in combination wi A an ester having an alkyl group widi a ^ 
hydrogen, the titanium oxide coating then forms on tiie substrate at decomposition rates 
that are ten times higher than known coating methods. In the on-line appUcation with a 
float glass ribbon process, the ribbon passes under the gas distributor beam at a leladvely 
fast rate. The metal oxide coating is deposited onto the float glass ribbon as the ribbon 

passes under the coater. 

The inventors propose die following tiicory regarding die chenncal reaction that may 
take place when using an ester having an alkyl group widi a p hydrogen. However, the 
inventors do not wish to limit the invention to just diis possible explanation, and dierefore 
offer it merely as an aid to understanding the results of the present inventive process. 

The inventors propose that as the ester decomposes, the carbon-hydrogen bond on one 
of the p hydrogens breaks and die hydrogen transfers to die carbonyl group eliminating an 
alkene and forming a caboxylic add. The hydrolysis reaction simultaneously takes place 
between the carboxyUc acid and die metal tetrachloride leading to die formation of die 
metal oxide coating on the substrate. 

In general, die resulting article produced in accordance widi die present invention 
comprises a substrate having a titanium oxide or tin oxide coating. Tlie coating may be 
applied directiy to die substrate or as a layer in a plurality of coatings on a substrate. The 
rate of deposition of die metal oxide coating is effected by die decomposition rate of die 
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organic oxy^nconq>ouiKL At constant reaction tempOTtuies differed rganic oxygen 
compounds will provide differmt coating growth rates because of the difference in the 
decomposition temperatures. Therefore, the desired metal oxide coating growA rate for a 
given system is selected by matdiing a spedfic organic oxygra conq>ound to the precursor 
gas mixnire temperature and die substrate temperature at the point of application. 

The deposition rate of die titanium oxide coating in die present invention may be ten 
times greater dian rates in known deposition n^diods. The present inventive process 
permits deposition rates over 130A per second with some deposition rates measured well 
over 300A per second. The higher deposition rates for titanium oxide yield a coating with a 
refractive index greater than 2.4. 

A furthCT advantage of the invention, in addition to die high coating rates achievable, is 
diat it employes low cost metal precursor compounds and, especially whwi die precursor 
gas mixture is directed over die substrate under die preferred laminar flow conditions* it 
enables high convcarsion efficiency (of die metal tetrachloride) to be achieved 

In die present invention, die resulting oxide coating contains litde residual carbon from 
die decomposition of die organic oxygen compound, espedaUy when an ester is used- 
Carbon is an undearable byproduct of die coating reaction because high levels of carbon in 
deiK>sition coatings create absorption problems widi die coating. The concem m using an 
organic oxygen con5>ound in the coating precursor gas mixture is that decomposition will 
result in levels of cart>on diat adversely affect die absorption properties of die finished glass. 
The carbon content in die coatings produced from die mediod of die present invention 
showed less than four atomic percent of carbon where measured. This low level of carbon 
will not significandy affect absorption properties of die coating. 
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It is to be understood that the fonns of the invention herewith shown and described arc 
to be taken as illustrative embodiments only of the same, and that various changes in the 
shape, size and arrangement of parts, as well as various procedural changes, may be 
resorted to without departing fitom the spirit of the invention. 
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CLAIMS 

1. A process for depositing a tin oxide or titanium oxide coating on hot flat glass 
comprising die steps of: 

(a) preparing a precursOT gas niixturc containing the corrcspoodingni^ 

and an organic oxygen containing compound as a source of oxygen for fCTmation 
of the metal oxide, 

(b) maintaining said precursor gas mixture at a tempoBtuie below the temperature at 
which the metal chloride reacts to form the metal oxide while ddiv^g the 
mixture to a coating chamber opening (m to the hot glass, 

(c) introducing the precursor gas mixture into die coating chamber whereby the 
mixture is heated to cause deposition of the corresponding metal oxide 
incorporating oxygen from the organic compound on the hot glass sui&ce. 

2. A process for depositing a tin oxide titanium oxide coaling cm hot flat glass as ^ 
claimed in claim 1 > whCTrin said organic oxygen containing compound is an ester. 

3. A process for dq)0siting a tin oxide or titanium oxide coating on hot flat glass as 
claiiMd in daim 2, wherein said ester is an csttt^ having an alkyl group witha p 
hydrogen. 



4. A process for depositing a tin or titanium oxide coating on hotflat glass as claimed in 
any of die preceding claims, wherein said ester is selected from die group consisting of 
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ethyl formate, ethyl acetate, ethyl propionate, isopiopyl fomiate, isopropyl acetate, n- 
butyl acetate, and t-butyl acetate. 

5. Aprocessfordcpoatingatmortitaniumoxidecoatingonbotflatglassasdai^ 
any of the preceding daims, wherein the substrate is a float glass ribbon having a 
temperature in the range of about 1100»-1320T'/590«C-715»C 

6. Aprocessfordepositingatinortitaniumoxidecoatingasclaimedinanyofthe 
preceding claims, wherein the metal tetrachloride in the pna^or gas mixt^ 
concentration of about 0.1-5.0% by volume. 

7. A process for depositing a tin or titanium oxide coating on hot flat glass as claimed in 
any of the preceding daims. wherein the organic oxygpn containing compound in the 
precursor gas mixture is at a concentration of about 1 to 5 times the concentration of 

. the metal tetrachloride. 

8. Aprocessfordepositingatinortitaniumoxidecoatingonhotflatglassasclaimedin 
any of daims 2 to 7 . wherein said ester is ethyl acetate and said hot flat glass is a float 

glass ribboiL 

9. A process for depositing a tin or titanium oxide coating on hot flat glass as daimed in 
any of the preceding daims wherein the hot flat glass substrate has a silica coating 
thereon, and said tin or titanium oxide coating is deposited over the silica coating. 
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10. A process for depositing a tin or titanium oxide coating on hot flat glass as claimed in 
any of the claims preceding, wherein the hot flat glass substrate has a silica coating over 
a silicon coating, and said tin or titanium oxide coating is deposited over the silica 
o^tiiig. 

1 L A process for deporting a titanium oxide coating on a substrate on hot flat glass as 
claimed in any of the preceding claims, wherein said titanium oxide coating has a 
refractive index greater than 2.4. 

12. A process for depositing a tin or titanium oxide coating on hot flat glass as claimed in 
any of the preceding claims, wherein the tin or titanium oxide coating has a residual 
carbon content less than 4 atomic percent 

13. A process for depositing a tin or titanium oxide coating on hot flat glass as clairnedm 
any of the preceding claims, wherein said precursor gas mixture includes helium as a 
carrier gas. 

14. A process for depositing a tin or titanium oxide coating on hot flat glass as claimed in 
any of claims 2 to 13, wherein the ester has an alkyl group having 2-10 carbon atcnns. 

1 5. A process for depositing a tin or titanium oxide coating on hot flat glass as claimed in 
any of the preceding claims, wherein the tin or titanium oxide film is deposited at a rate 
of at least 130A per second. 
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16. A process for depositing a tin or titanium oxide coating on a substrate at high 

deposition rates, being a process as claimed in any of the preceding claims, comprising 
the steps of: 

(a) preparing a precursor gas ndxtuie containing tin or titanium tetrachloride and an 
ester, said ester having an alkyl group with a p hydrogen; 

(b) deUvering said precursor gas mixture at a temperature below Ae thermal 
decomposition temperature of said ester to a location near a substrate to be coated, 
said substrate being at a temperature above the thermal decomposition temperature 
of said est^, and 

(c) introducing said precursor gas mixture into a vapour space above said substrate 
wherein said ester thermally decomposes and thereby initiates a reaction with said 
metal tetrachloride to produce a metal oxide coating on said substrate. 

17. A process as claimed in claim 17 wteaein the substrate is a float glass ribbbon. 

18. A process as dairned in claim 16 or claim 17 wherein the precursor gas mature is 
deUvered to the substrate at a location where the substrate temperature is in the range 
1100-1320T. 

19. A process for depositing a tin or titanium oxide coating on a substrate at high 
deposition rates, comprising die steps of: 
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(a) piepaiing a precursor gas mixtuie contain^ 

ester, said ester having an alkyl group with a ^ hydrogen; 

(b) delivering said precursor gas mixture at a temperature below the th^mal 
deconq>osition temperature of said ester to a location near a substrate to be coated, 
^d substrate being at a temperature above the thermal deconqK>sition ten^)erature 
of said ester; and 

(c) introducing said precursor gas mixture into a vapour space above said substrate 
wherein said ester thermally deconq>oses and thereby initiates a reaction with said 
metal tetrachloride to produce a metal oxide coating on said substrate. 

20- A process as claimed in claim 19 wherein the substrate is a float glass ribboa 

21. A process as claimed in claim 19 or claim 20 wherein the precursor gas mixtnre is 
delivered to the substrate at a location v^ere the substrate temperature is in the range 
1100-1320T. 

22. A process for depositing a tin or titanium oxide coating on hot flat glass as claimed in 
any <^ the preceding claims whoein the precursor gas mixture is caused to flow ov^ 
the glass surface to be coated under laminar flow conditions. 



23. A glass substrate having a tin or titanium oxide coating thereon prepared by the process 
of any of the preceding claims. 
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24. A glass substrate with a silicon and a silica coating thereon having a tin or titanium 
oxide coating over said silica coating, said oxide coating prepared by the process of any 
of claims 1 to 22. 
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